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Abstract 
Mechanical air supply method is the most common smoke proof method that be used in stairwell to control the spread of smoke. 
The determination of the amount of mechanical air supply is a difficult problem in engineering design of mechanical smoke 
control. Comparison and analysis on the smoke control volume flow rate of the actual project were performed in this paper, and 
then CFD simulation was performed with different smoke control volume flow rate. Results show that the mechanical smoke 
control volume flow rate provided by either codes provision or calculation method has value range, thus uncertainty is brought 
into the determination of smoke control volume flow rate. In actual engineering design, appropriate smoke control volume flow 
rate can be obtained through numerical simulation on the basis of formula calculation and code provision. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The effective control of smoke spreading in building fire is an important and useful measure of reducing 
casualties and ensuring safety evacuation of people. There are usually two ways to control smoke migrate[1], one is 
smoke control and the other is smoke extraction. Smoke control is a way to resist smoke spreading and contain 
smoke within a certain region that using some methods or some fire resistance materials so that it cannot endanger 
personnel health and property security[2,3]. There are usually many smoke control methods and mechanical air 
supply method is the most common smoke proof method which is used in stairwell to control the spread of smoke. 
Mechanical air supply method is performed by sending sufficient fresh air into the designated area so that a higher 
pressure is maintained and smoke is prevented from the protected area[4]. Figure 1 is schematic diagram of building 
smoke control of mechanical air supply. 
The determination of pressurization air supply volume flow rate is one of the most important and difficult 
problems in the engineering design of mechanical smoke control. Choosing suitable and correct pressurization air 
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supply volume flow rate plays an important role in ensuring mechanical smoke control effect and selecting 
pressurized air supply fan economically and effectively.  
According to the provisions of current Chinese codes “Code for fire protection design of tall buildings” and  
“Code of design on building fire protection and prevention”[5,6], the pressurization air supply volume flow rate of 
different buildings should be obtained through the comparison of formula calculation results and specification 
values of codes provisions. In the engineering design of mechanical smoke control, the larger value of comparison 
results should be chosen as the design value. The pressurization air supply volume flow rate of different buildings is 
not a definite value but a value range in current codes of china. For example, according to the “Code for fire 
protection design of tall buildings” No. 8.3.2 clause, the pressurization air supply volume flow rate of building 
below 20 constructs is 25000-30000 m3/h and the pressurization air supply volume flow rate of 20-32 storey 
building is 35000-40000 m3/h when only sending air into stairwell. Meanwhile, when calculating the pressurization 
air supply volume flow rate by formula, the difference of formula calculation results is also relatively larger due to 
the uncertainty of calculation parameters values. 
Given the practical problems in current mechanical smoke control design, the pressurization air supply volume 
flow rate of one actual building is calculated using the formula of wind speed law firstly in this article. Then the 
suitable value of pressurization air supply volume flow rate is determined by performance-based approach on the 
basis of calculation and code provisions.  
2. Determination of mechanical smoke control volume flow rate 
Taking one 12-story high-rise building as the example, analyze the value scope of pressurization air supply 
volume flow rate obtained from different methods firstly. The building has 12 levels and the total height is 36.6 m, 
the first level height is 3.6m and other level height is 3m. The staircase is smoke proof staircase whose cross section 
dimension is 3.0m×4.5m, the lobby is independent lobby whose cross section dimension is 2.4m×2.4m. The vertical 
dimension of the door which is from the staircase to the lobby is 1.2m (width)×1.8m (height), the vertical  
dimension of the corridor is 2.1m (width)×3.0m (height) with the length 20m. 
The staircase is connected with a vertical air supply duct. The air supply system consists with air supply fan, duct 
and the air supply outlet. The cross section dimension of the air supply duct is 0.9m×0.9m, and the height is 12.2m. 
The mechanical air supply fan is located at the first level. Supposing the fire room is at the sixth level and in the 
middle of the corridor, the dimension of the fire room is 3.5m×5.4m×3.0m(width × length × height), the dimension 
of the door is 1.2m×1.8m(width × height). The fire is at the center of the room floor. 
Fig. 1. Schematic diagram of stairwell pressurization                                      Fig. 2. Full-size simulation model
2.1. Pressurization air supply volume flow rate calculated by formula 
The rationality of the pressurization air supply volume flow rate design will affect the smoke control effect 
directly. The two most typical calculation methods of mechanical air supply volume flow rate are pressure 
difference method and wind speed method. For the parameter of leakage area in the pressure difference method is 
difficult to determine and the calculation result of this method is always smaller than wind speed method, so take the 
calculation result of wind speed method as the final result of formula calculation. 
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The principle of wind speed method is that when the evacuation door in the stairwell is open, the wind velocity of 
the doorway may maintain a certain value in order to prevent the spread of fire smoke. The formula of wind speed 
method is[7]: 
( ) 36001 ×+⋅⋅=
a
bvFnLy
Where Ly is the total pressurization air supply volume flow rateˈm3/h˗F is the area of opening doorsˈm2˗v
is the average wind velocity of the doorway ˈthe value range is 0.7̚1.2 m/s˗a is the back pressure coefficientˈ
the value range is 0.6̚1.0˗b is the additional air leakage coefficientˈthe value range is 0.1̚0.2˗n is the 
calculation number of simultaneous opening doorsˈthe value is 2 when the building is below 20 constructs and the 
value is 3 when the building storey is 20-32. When the building is higher than 32 storey, the mechanical air supply 
system should be designed separately.  
According to the actual situation of the 12 story-high building in this article, the calculation parameter of F and n
in the wind speed formula could be determined. Additionally, choose the value of b as the average value 0.15. The 
back pressure coefficient a generally takes the value of 0.6 under the condition of natural discharge. The calculation 
results of pressurization air supply volume flow rate are listed below in table 1 considered the value of v is 0.7, 0.8, 
0.9, 1.0, 1.1 and 1.2 respectively. 
Table 1. The calculated pressurization air supply volume flow rate by wind speed method 
v/(m/s) F/m2 Ly /(m3/h) Note: parameter value 
0.7 2.16 20865.6 wind speed method: v=0.7, a=0.6, b=0.15 
0.8 2.16 23846.4 wind speed method: v=0.8, a=0.6, b=0.15 
0.9 2.16 26827.2 wind speed method: v=0.9, a=0.6, b=0.15 
1.0 2.16 29808 wind speed method: v=1.0, a=0.6, b=0.15 
1.1 2.16 32788.8 wind speed method: v=1.1, a=0.6, b=0.15 
1.2 2.16 35769.6 wind speed method: v=1.2, a=0.6, b=0.15 
2.2. The value range of air supply volume flow rate in “Code for fire protection design of tall buildings” 
According to the “Code for fire protection design of tall buildings” No. 8.3.2 clause, the pressurization air supply 
volume flow rate of high-rise buildings should be determined by calculation, or obtained from the code provisions. 
When the calculation value is inconsistent with the code provisions, the larger of the two should be chosen. From 
the interpretation of the provisions notes of “Code for fire protection design of tall buildings”, it can be seen that the 
role of the pressurization air supply volume flow rate range in the code provisions is checking in order to make sure 
that the calculation result would not be too small. The pressurization air supply volume flow rate range when only 
sending air into the stairwell in the code provisions is listed below in table 2. 
Table 2. Pressurization air supply volume flow rate of smoke-proof staircase(not supply to lobby) 
burden layers of mechanical air supply system pressurization air supply volume flow rate (m3/h)
˘20 layers 25000-30000 
20-32 layers 35000-40000 
According to the calculation results and the code provisions it can be seen that, to the 12 story-high building in 
this paper, the calculation result of wind speed method is 20865.6-35769.6m3/h and the value range in the code 
provisions is 25000-30000m3/h. Because the evacuation door in the construction of this article is a single leaf door, 
the final value range of the code provisions should be 0.75 times of the original value. That is to say, the value range 
of the code provisions is 18750-22500m3/h. It can be seen from the results that the pressurization air supply volume 
flow rate calculated by the wind speed method is always larger than the lower limit of the code provisions value 
range. But the calculated results of wind speed method vary greatly when the parameters values are chosen 
differently. So the suitable pressurization air supply volume flow rate can not be determined directly from the 
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calculation results and the code provisions. How to determine the appropriate value of calculation parameters and 
the suitable pressurization air supply volume flow rate needs to be studied further. 
3. Application of performance-based analysis method in the determination of pressurization air supply 
volume flow rate  
The smoke control effect of different pressurization air supply volume flow rate has been analyzed using 
numerical simulation method. The numerical simulation software used in this paper is the CFD simulation program 
FDS4.07 which is developed by NIST. The full-size calculation model has been built on the basis of the specific 
situation of the 12-story high-rise building mentioned above. Figure 2 shows the full-size calculation model. 
According to the “Code for fire protection design of tall buildings” No. 8.4.1 clause, the mechanical exhaust needn’t 
to be set when the inner corridor is not longer than 20m. So, all of the numerical simulation research of this paper 
has been based on the natural exhaust scene. 
3.1. Simulation conditions 
There are three meshes in the simulation: staircase, the room on fire, lobby and corridor. The grid size of each 
mesh is not the same. The grid number and grid size of each mesh have been listed below in the table 3. 
Table 3 the grid division plan of simulation scene  
mesh grid number( zyx ×× ) grid size( zyx ×× )
staircase 1923024 ×× mmm 2.02.02.0 ××
lobby and corridor 164010 ×× mmm 5.05.05.0 ××
room on fire 404064 ×× mmm 1.01.01.0 ××
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The heat release rate of different scenario can be determined according to Shanghai construction specification 
“the smoke control technical specification for civil buildings” No. 4.2.1 clause. Two kinds of heat release rate have 
been chosen as the simulation object in this paper: 1.5MW and 6MW. The two scenarios are office rooms with 
sprinkler system and office rooms without sprinkler. The ambient temperature is 20ć in the simulation. 
The temperature distribution of the planes x=6.8 and y=1 have been chose as the research object. The spread 
situation of the smoke can be judged from the temperature distribution of these two planes. 
3.2. Simulation results analysis 
3.2.1 The smoke control effect with sprinkler system 
First, the smoke control effect of different pressurization air supply volume flow rate with sprinkler system has 
been analyzed. The heat release rate under this condition is 1.5MW. What showed in figure 3 and figure 4 are the 
temperature distribution contour on the planes x=6.8 and y=1 at the time of 240s when the pressurization air supply 
volume flow rate has been calculated by the wind speed method under the condition of v=0.7 m/s. 
From figure 3 and figure 4 it can be seen that when fire size is 1.5MW, the air supply volume flow rate which is 
20866m3/h calculated with v=0.7m/s can achieve good smoke proof effect, because when the time is 240s, there is 
no smoke in the lobby near the corridor and the lobby temperature is near 20ć. Therefore, the pressurization air 
supply volume flow rate calculated with v=0.7m/s can satisfy the smoke proof requirement in staircase and lobby. 
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Fig. 3. x=6.8 plane temperature distribution contour                        Fig. 4. y=1 plane temperature distribution contour 
at 240s when Ly=20866m3/h with sprinkler                                     at 240s when Ly=20866m3/h with sprinkler 
3.2.2 The smoke control effect without sprinkler system 
Then, the smoke control effect of different pressurization air supply volume flow rate without sprinkler system 
has been analyzed. The heat release rate under this condition is 6MW. What showed in figure 5 and figure 6 are the 
temperature distribution contour on the planes x=6.8 and y=1 at the time of 120s when the pressurization air supply 
volume flow rate has been calculated by the wind speed method under the condition of v=0.7 m/s. 
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Fig. 5. x=6.8 plane temperature distribution contour                        Fig. 6. y=1 plane temperature distribution contour 
at 120s when Ly=20866m3/h without sprinkler                                at 120s when Ly=20866m3/h without sprinkler 
From figure5 and figure 6 we can see the temperature distribution on the plane x=6.8 and y=1, when the time is 
120s, the entire corridor has been filled with smoke and the temperature in the lobby is obviously higher than the 
ambient temperature, then smoke have entered the lobby and can spread into the staircase. 
Increase the wind speed value of the doorway and observe the smoke effect. Through the numerical simulation it 
can be seen that when fire size is 6MW, the pressurization air supply volume flow rate calculated with v=0.8m/s can 
not satisfy the smoke proof requirement in staircase and lobby, too. Keep on increasing the wind velocity of the 
doorway. What showed in figure 7 and figure 8 are the temperature distribution contour on the planes x=6.8 and y=1 
at the time of 240s when the pressurization air supply volume flow rate has been calculated by the wind speed 
method under the condition of v=0.9 m/s. 
From figure 7 and figure 8 we can see that when fire size is 6.0MW, the air supply volume flow rate which is 
26827m3/h calculated with v=0.9m/s can achieve good smoke proof effect, because when the time is 240s, there is 
no smoke in the lobby near the corridor. Therefore, the air supply volume flow rate calculated with v=0.9m/s can 
satisfy the smoke proof requirement in staircase and lobby. 
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Fig. 7. x=6.8 plane temperature distribution contour                            Fig. 8. y=1 plane temperature distribution contour 
at 240s when Ly=26827m3/h without sprinkler                                    at 240s when Ly=26827m3/h without sprinkler 
4. Conclusion 
Through the research of this paper it can be seen that in the process of pressurization air supply volume flow rate 
design of actual constructions, the air supply volume flow rate is not a definite value whether obtained by 
calculation or from code provisions. For example, the pressurization air supply volume flow rate value range of the 
building lower than 20-layer which is mentioned in this paper is 18750-22500 m3/h in the code provisions. The 
calculation results of this building by the wind speed method are also different apparently due to the uncertainty of 
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calculation parameters values. So, it is difficult to determine the appropriate pressurization air supply volume flow 
rate directly. 
In the smoke control design of actual buildings, the suitable pressurization air supply volume flow rate can be 
determined by performance-based approach on the basis of calculation and code provisions. 
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